Background Subchondral insufficiency fracture of the femoral head occurs mainly in elderly patients with osteoporosis. Spontaneous resolution is observed after nonoperative treatment in some patients whereas other show progressive joint destruction requiring THA. Several studies report the occurrence of subchondral insufficiency fracture of the femoral head in dysplastic hips. Questions/purposes We asked whether the extent of hip dysplasia or osteoporosis was greater in patients with subchondral insufficiency fracture of the femoral head than in normal control subjects.
Introduction
A subchondral insufficiency fracture of the femoral head (SIF) often manifests as acute hip pain without obvious antecedent trauma, primarily occurs in elderly patients with osteoporosis, and is more common with obesity [1, 5, 17, 20] . Initial radiographs may not show any obvious abnormalities. MRI is useful in the diagnosis of SIF, especially during the early stage, which is characterized by a bone marrow edema pattern (diffuse low signal intensity on the T1-weighted images and high signal intensity on the T2weighted images) in the femoral head to the neck and by the presence of a low signal intensity band in the subchondral region [22] . Yamamoto and Bullough [20] reported histologic findings of 10 patients with SIF in which thin disconnected bone trabeculae indicative of osteopenia were observed throughout the femoral head in all cases. Several reports of SIF include patients with dysplasia of the acetabulum [5, 13, 14] .
We therefore asked (1) whether the extent of hip dysplasia or osteoporosis was greater in patients with SIF than in control subjects and (2) 
Patients and Methods
We retrospectively reviewed all 27 patients who had SIF (diagnostic criteria below) at our hospital between March 2001 and May 2008. Fourteen of these patients had associated degenerative changes and were excluded, leaving 13 for analysis. There was one man and 12 women, ranging from 61 to 81 years of age (mean age, 71.2 years). Six patients were affected on the left side, and seven were affected on the right side. All of the 13 patients with SIF initially were treated nonoperatively with protected weightbearing and/or mild analgesics (Fig. 1 ). The diagnosis of SIF was made by following previously published criteria [20, 22] : (1) hip pain that begins with no apparent history of trauma; (2) initial radiographs that are normal or may show collapse of the femoral head; (3) a bone marrow edema pattern in the femoral head and/or neck observed on MRI; and (4) a subchondral low signal intensity band on the T1-weighted MR image that is serpiginous or is parallel to the articular surface. We performed 26 TKAs between July 2008 and December 2008 at our hospital. Of these, 12 patients (12 women) served as a control group (asymptomatic hip control). None of these patients had any hip symptoms. The AP hip radiographs were normal (no signs of joint space narrowing, collapse of the femoral head, and osteophyte formation). Patients with hip dysplasia were not excluded. The mean age of control subjects at the time of surgery was 74.9 years (range, 65-82 years). The study was approved by the local ethics committee, and the patients provided informed consent for participation in this study.
We compared body mass index (BMI), BMD shown by the percentage of the young adult mean [16] , five radiographic indices (below), and two hematologic factors (below) between the two groups. The BMI, calculated as the body weight in kilograms divided by the height in meters squared, was used to determine whether the patient was obese.
We made the following radiographic measurements: Sharp angle [18] , AHI [6] , CE angle, acetabular roof angle [11] , and pelvic tilt [8] on a supine AP radiograph ( Fig. 2 ). We determined pelvic tilt using the following published formula: (angle of the pelvic tilt, in degrees) = (height of the obturator foramen)/([teardrop distance] 9 AÀB), where A = 207.0 and B = 32.0 in the female subjects and A = 137.4 and B = 23.1 in the male subjects [8] (Fig. 2) . The calculated angle indicates how much the pelvis tilts backward from the neutral position. All markings and reference points, including lateral acetabular margin and a distal point of the teardrop, were decided and marked on a radiograph on a consensus by two of the investigators (KI, KM). After this process, one of the investigators (KI) made the measurements. To test the reproducibility of the radiographic measurements, two authors (KI, KM) and another orthopaedic resident (ES) measured the five radiographic indices in five randomly selected hips; KI was an orthopaedic resident and not the treating surgeon. KM was one of the treating surgeons. Each observer measured each hip three times, with an interval of 1 week between measurements. The values were averaged. The data were analyzed for intraobserver and interobserver variances. The coefficients of variation were calculated and ranged from 0.6% to 4.9% which we considered reasonable [24] .
Fasting blood samples in the morning were obtained on admission to examine the biochemical markers of bone turnover related to osteoporosis, including the levels of the serum Type I collagen cross-linked NTx and serum BAP [15] .
We used Shapiro-Wilk tests to examine if the continuous data (age, BMI, Sharp angle, AHI, CE angle, acetabular roof angle, pelvic tilt, BMD, NTx, and BAP) were normally distributed. Shapiro-Wilk tests showed the clinical data examined (Table 1) were normally distributed with W values ranging from 0.9561 to 0.9856. We determined differences in age, BMI, Sharp angle, AHI, CE angle, acetabular roof angle, pelvic tilt, BMD, NTx, and BAP between the SIF and asymptomatic hip control groups using unpaired Student's t test. Fisher's exact test was used for the gender proportion in the SIF and control groups. These analyses were performed using the StatView 1 software program, Version 5.0.1 (SAS Institute Inc, Cary, NC).
Results
The Sharp angle was greater (p = 0.0012) in the SIF group than in the control group (Table 1 ). The AHI was lower (p \ 0.0001) in the SIF group than in the control group. The CE angle was lower (p = 0.0002) in the SIF group Values are expressed as mean ± SD; *data concerning BMD, NTx, and BAP in the SIF group were available in seven, four, and three patients, respectively; SIF = subchondral insufficiency fracture of the femoral head; BMD = bone mineral density; BCE = bone collagen equivalents; NTx = Type I collagen cross-linked N-telopeptide; BAP = bone alkaline phosphatase. than in the control group. The acetabular roof angle was greater (p \ 0.0001) in the SIF group than in the control group. Age, gender proportion, BMI, pelvic tilt, BMD, and serum levels of NTx and BAP were similar between the two groups.
Discussion
The pathogenesis of SIF remains unclear. Histologic analysis of SIF cases has shown thin disconnected bone trabeculae in the femoral head, indicating its osteoporotic nature [20] . The fact that SIF occurs in most cases without any antecedent trauma suggests there may be underlying subchondral bone insufficiency or excessive mechanical stress on the subchondral bone. Several reports note the presence of hip dysplasia in patients with SIF [5, 13, 14] . This raises a question regarding whether dysplasia could contribute to SIF. We therefore asked whether (1) the extent of hip dysplasia or osteoporosis was greater in patients with SIF than in control subjects and (2) whether any of various clinical parameters (Sharp angle, AHI, CE angle, acetabular roof angle, pelvic tilt, BMD, NTx, and BAP) occurred more commonly in patients with SIF compared with control subjects. We note limitations to our study. First, the number of patients with SIF was small. Some patients with SIF have disappearance of the joint space and/or collapse of the femoral head during the natural course [21] , indicating SIF may be diagnosed as osteoarthritis as it progresses. To eliminate the effect of osteoarthritis, we excluded patients with possible SIF who had osteoarthritic changes (joint space narrowing and osteophyte formation), which limited the number of patients with SIF in this study. Second, our control patients had TKAs for osteoarthritis of the knee and we cannot ensure they had no early osteoarthritis. However, they had no hip pain and their AP hip radiographs showed no joint space narrowing or osteophytes. We thus considered them control subjects with asymptomatic hips.
Our data suggest hips with SIF had more characteristics of dysplasia compared with those of the control subjects. Although we suspected anterior uncovering of the acetabulum attributable to posterior pelvic tilt might be associated with SIF, the pelvic tilt was similar in the two groups. Previous biomechanical studies showed the joint contact pressure of dysplastic hips is concentrated on the lateral edge of the acetabulum [2, 12, 19] . Increased stress on the acetabular rim also reportedly is associated with acetabular lesions such as labral tears and ganglion cysts [9, 10] . Resultant labrum tears in dysplastic hips are associated with the development of osteoarthritis [3, 4] . Therefore, we presumed the increased joint contact pressure on the anterolateral edge of the dysplastic acetabulum could produce a subchondral fracture in SIF. This presumption is consistent with case reports in which initial collapse occurred in the superolateral portion of the femoral head corresponding to the acetabular rim [13, 14, 23] . Furthermore, Motomura et al. [14] presented a SIF case in which a patient with developmental dysplasia of the acetabulum had subchondral fractures in the femoral head and the acetabulum, suggesting an impact on the acetabular edge led to the fractures in both sides.
The Sharp angle (42.8°), AHI (72.6), CE angle (15.3°), and acetabular roof angle (17.9°) indicated the extent of dysplasia was slight in our patients with SIF despite the difference compared with the control subjects. Severe deformity of the femoral head or acetabulum rarely was observed and the joint congruity was relatively stable. These observations suggest the pathogenesis of SIF may be multifactorial and no one factor may be able to adequately explain its etiology. Other possible etiologic factors may include labrum tear and joint laxity. Underlying subchondral bone insufficiency may be a possible reason for the occurrence of a fracture on the femoral side in SIF. Additional investigations are needed to clarify this issue conclusively.
We found BMD and blood markers of the osteoporosisrelated bone turnover (NTx and BAP) were similar in the two groups. However, we still consider treatment for osteoporosis important for patients with SIF because osteoporosis is a major cause of the fractures in elderly patients [7] , and numerous reports strongly support the occurrence of SIF in patients with osteoporosis [1, 5, 13, 14, 17, [20] [21] [22] [23] .
Our data suggest the hips in our patients with SIF were more likely associated with imaging findings of dysplasia compared with those of control subjects. We interpret these findings as suggesting an excessive amount of stress on the acetabular edge may be associated with the occurrence of SIF.
